The authors tested a patient suffering from a circumscribed lesion of the right frontal operculum (FO) in 3 experiments of visual attention involving spatial orienting, maintenance of task-relevant priorities, and control of interference from new and old task-irrelevant items. The authors found that spatial orienting and active maintenance of priorities were intact, but there were difficulties in controlling interference from new and old irrelevant items. These results suggest that the FO is necessary for the direct control of interference, but its lesion alone is not enough to disturb spatial orienting processes or active maintenance of task priorities. The authors discuss the results in light of a hybrid cognitive model of attention.
Visual search and orienting to locations in space, supported by a fronto-parietal cortical network (Corbetta, 1998; Corbetta & Shulman, 2002; Posner & Petersen, 1990) , enables individuals to select sensory signals that are relevant for their immediate goals. Parietal activity is associated with the allocation of attention to locations. Frontal activity, extending from the precentral to the inferior gyrus, is associated with oculomotor behavior and peripheral attention (Chelazzi & Corbetta, 2000; Corbetta, 1998; Penfield & Rasmussen, 1950) , active maintenance of goal-relevant information (de Fockert, Rees, Frith, & Lavie, 2001; Rosen et al., 1999) , and control of interference (Aron, Fletcher, Bullmore, Sahakian, & Robbins, 2003; Aron, Robbins, & Poldrack, 2004; Bunge, Ochsner, Desmond, Glover, & Gabrieli, 2001; de Fockert, Rees, Frith, & Lavie, 2004; Michael, Kleitz, Sellal, Hirsch, & Marescaux, 2001) .
One of the brain areas for which many hypotheses have been created is the ventral premotor cortex (vPM), which includes the frontal operculum (FO) and the caudal part of area 6 (Rizzolatti, Fogassi, & Gallese, 2002) . Early studies on cortical stimulation suggested that the vPM was involved in oculomotor behavior (Penfield & Rasmussen, 1950) . Recent neuroimaging methods confirmed these findings and added evidence to a considerable overlap of neural networks underlying eye movements and peripheral shifts of attention (Corbetta, 1998; Corbetta & Shulman, 2002) . In a recent review, Corbetta and Shulman (2002) proposed the existence of two distinct but interacting networks for the control of attention. The FO would be part of the ventral frontoparietal network involved in stimulus-driven control. It is interesting to note that Corbetta and Shulman (2002) proposed a possible hemispheric difference, with the right frontal areas being involved in the detection of and orienting toward sudden rare or unexpected events. There is also interesting evidence on vPM involvements in resistance to interference. For instance, de Fockert and colleagues (2004) used a visual search paradigm in which a salient distractor could be present in the display. Activity was found in vPM (area 6) in distractor present trials. This activity was inversely correlated to the attention capturing propensity of singleton distractors. Weaker activity in the vPM was associated with stronger interference by distractors. Similar arguments were found in the performance of R.J., a patient who suffers from a tumoral lesion that is located in the right FO and that extends to the proximal insular cortex (Michael, Kleitz, et al., 2001 ). R.J.'s attention was involuntarily drawn to the location of items known to be distractors, revealing defective resistance to interference. Using a different procedure, Aron and colleagues (2003) found that lesions of the right FO, which they described as belonging to the inferior fontal gyrus, affected cognitive inhibition of responses. Data from neuroimaging studies support this view. Konishi and colleagues (1999) showed that the right FO was activated in two different tasks involving inhibitory control. These studies suggest that the vPM is involved in the deployment of some kind of resistance to interference from irrelevant distractors. Finally, there is evidence that frontal processes involving the vPM are important to the active maintenance of processing priorities, which ensure that low-priority stimuli do not gain the control of behavior (Bunge, Ochsner, Desmond, Glover, & Gabrieli, 2001; de Fockert et al., 2001; LaBar, Gitelman, Parrish, & Mesulam, 1999; Lavie, Hirst, de Fockert, & Viding, 2004) . Although both the "control of inter-ference" and the "priority maintenance" hypotheses postulate that the vPM participates in blocking irrelevant information, the control of interference hypothesis suggests that this is a direct effect of vPM activity, whereas the priority maintenance hypothesis suggests that the control of interference results from higher cognitive processing.
Thus, there is evidence that the vPM participates in spatial attention and search, with a portion of area 6 participating in the active maintenance of priorities (de Fockert et al., 2001 and the FO being involved in spatial orienting (Corbetta, 1998; Corbetta & Shulman, 2002) , especially toward sudden and unexpected events (Corbetta & Shulman, 2002; Knight & Scabini, 1998) and the control of interference (Aron et al., 2003; Konishi et al., 1999; Michael, Kleitz, et al., 2001 ). The present study, conducted with the aid of patient R.J., was designed to test the "visual search and orienting," "control of interference," and "priority maintenance" hypotheses and to clarify the role of the right FO, as part of the vPM, in visual attention processes.
Experiment 1: Attentional Capture in Visual Search
Experiment 1 investigated exogenous spatial orienting and search. We used a paradigm of visual search for a target embedded among physically similar nontargets. In such situations, response times (RTs) depend on the number of items in the display (Treisman & Gelade, 1980) . While searching for the target, a new item is abruptly added to the display. If this item is the target, then chronometric performance is accelerated, and it no longer depends on the display size. If this item is a nontarget (i.e., distractor), then RTs are considerably slowed down, and search remains effortful and display-size dependent. Both patterns reveal that attention is involuntarily oriented to the location of the abrupt onset and that this item benefits from processing priority (Yantis & Jonides, 1984) . The presence of these two markers suggests that spatialorienting processes are intact and quite efficient. Because there is evidence that the right FO participates in attentional orienting and search (Corbetta, 1998; Penfield & Rasmussen, 1950) , it should be expected that the abovementioned markers be disturbed following a lesion of this area. As a point of fact, Corbetta and Shulman (2002) proposed that the right ventral frontal attentional network, involving the FO, might orient attention to novel and unexpected events. It follows that damage to this area disables orienting of attention to such events. It is thus expected that none of the abovementioned markers of attentional orienting will be observed.
Method
Subjects. Ten healthy male volunteers (mean age 29 Ϯ 3.7 years) participated in the three experiments reported in this study. All subjects had normal or corrected to normal vision. Patient R.J. and his matched control subject (a 29-year-old man matched in age, educational level, and IQ) also participated in all experiments. At the time of testing (from November 1999 to March 2000), R.J. was 29 years old. He was admitted for the first time to the Neurological Clinic of the Civil Hospital of Strasbourg, France, in July 1991, for epileptic seizures. An MRI conducted in May 1995, revealed an area of abnormal signal in the internal part of the right FO. The exact nature of this signal was not established until March 1999, when MRI revealed a dysembryoplastic neuroepithelial tumor (DNT) that was located in the right FO and that extended to the proximal insular cortex. No difference in the size of the tumor had been noticed since the MRI of 1995. R.J. received medication composed of Neurontin 400 (Pfitzer Holding, Paris, France) and Dihydan (Pierre Fabre Médicament, Castres Cedex, France), but because the epileptic seizures remained uncontrollable, the drug regimen was stopped in August 1999. Tegretol LP400 (Novartis Pharma SAS, Lyon, France) was prescribed in March 2000. A final MRI, conducted in April 2001 (see Figure 1 ), confirmed the presence and extent of the DNT. R.J. complained of difficulties in concentration without reporting any memory troubles. A neuropsychological examination (data is presented in Table 1 ) revealed a dysexecutive syndrome, with inhibitory functions particularly affected. Verbal and visual memory and copy were not affected.
Stimuli and apparatus. The stimuli were gray squares (37.37 cd/m 2 ) appearing inside a circle of equal luminance. They were presented on a black background (0.034 cd/m 2 ). At a viewing distance of 30 cm, the angular size of each square was 0.5°ϫ 0.5°, and the circle's radius was 1°. Each square had a gap and was rotated 0°, 90°, 180°, or 270°clockwise. The target orientation was 90°or 270°, whereas the distractors' orientation was 0°or 180°. The stimuli were displayed centrally on a color screen of a Dell Latitude portable computer with a PentiumII 200 MHz processor. The experiments took place in a dimly lit room.
Procedure. A trial started with the appearance of a central fixation dot for 1000 ms (see Figure 2) . A star then replaced the fixation point. At the same time, the premask was added and consisted of three or six equally spaced circles containing a small square in their center. They appeared on the circumference of an imaginary circle centered at fixation. The distance between the fixation point and each item was 4.8°of visual angle. The six circles formed a hexagon; the three circles formed either an upward pointing or a downward pointing equilateral triangle. The premask re- mained visible for 1000 ms. Finally, the central star went off and was accompanied by the appearance of a small gap on one side of each square. Subjects were instructed to start searching only when the star went off. The target was the only item with a gap on the right or left side. Subjects were asked to indicate the location of the target's gap (right or left) by pressing one of two predefined response buttons. The display remained present until the response was given. The following three conditions were tested: (a) in the target onset condition, a new item was abruptly added to the display at the time the gap appeared and contained the target item; (b) in the distractor onset condition, a new item was abruptly added to the display and contained a nontarget item; (c) in the baseline condition, there was no abrupt onset. Each subject completed a 40-trial training session followed by an experimental session of 144 trials (24 trials per display size per condition). Display size and conditions were randomly presented. No feedback was given.
Statistical analyses. The performance of the control group was analyzed separately with subjects as the random variable. These analyses were carried out on mean RT.
1 Because of the lack of adapted factorial design single-case methods (i.e., case vs. control group; Crawford, Garthwaite, Howell, & Gray, 2004) , the performance of R.J. was compared with the performance of a single healthy control subject, and all statistical analyses were conducted with the trials as the random factor. Planned comparisons were conducted with the Student's t test, and post hoc comparisons were conducted with the Newman-Keuls test. The performance of patient R.J. was directly compared with the performance of the control group (with the use of t tests) only when isolated effects were considered (e.g., costs, benefits, so forth). The error percentage never exceeded 2% for the control subjects and 3% for Patient R.J. Consequently, no analyses were conducted on errors.
Results and Discussion
Control group. An analysis of variance was conducted on correct RT with the display size (three items vs. six items) and condition (baseline, target onset, and distractor onset) as the within-subjects factors. The main effect of display size was significant, with slower RT for display size 6 (1147 ms vs. 917 ms), F(1, 9) ϭ 49.5, p Ͻ .0001. The condition effect also reached significance, F(2, 18) ϭ 38.9, p Ͻ .0001. Post hoc comparisons revealed that RTs were faster in the target onset condition (789 ms) compared with the baseline (1046 ms, p Ͻ .0003) and distractor onset conditions (1260 ms, p Ͻ .00015). RTs were also reliably slower in the distractor onset condition compared with the baseline A central fixation dot was followed by the appearance of a premask, consisting of three or six small squares, each one contained in one open circle. The premask was followed by the appearance of a small gap on one side of each square (stimulus display), and an item could be abruptly added to the display (a target or a distractor). Events from the target and distractor onset conditions are shown here. No item was abruptly added in the baseline condition.
condition ( p Ͻ .001). The differences between the three conditions are important, because they suggest that, as was expected on the basis of the initial study of Yantis and Jonides (1984) , abrupt onsets capture attention and gain processing priority. Compared with the baseline in which no abrupt events occurred, RTs were faster when onsets contained a target and slower when they contained a nontarget item. Finally, the Display Size Yantis and Jonides (1984) showed that the sudden appearance of a target not only produced faster RTs, but also diminished considerably the search slopes as well, as shown in Figure 3 . Both patterns of results were obtained in the performance of the control group, revealing that attention was involuntarily oriented to the location of the abrupt onset and that this item gained from processing priority. Patient R.J. versus matched control subject. An analysis of variance was conducted on correct RT with the subject (R.J. vs. control), display size (three items vs. six items), and condition (baseline, target onset, and distractor onset) as the within factors. R.J. was slower than the control subject (1,587 ms vs. 729 ms), F(1, 23) ϭ 152.7, p Ͻ .0001. This general slowing is classically observed following brain damage. The main effects of display size and condition reached significance, F(1, 23) ϭ 8.5, p Ͻ .008, and F(2, 46) ϭ 54.6, p Ͻ .001, respectively, as well as the display size X condition interaction, F(2, 46) ϭ 3.4, p Ͻ .043. No interaction involving the subject factor was evidenced, and the three-way Subject ϫ Display Size ϫ Condition interaction failed to reach significance, F(2, 46) ϭ 0.03, p Ͼ .97. The absence of interaction involving the subject factor suggests that both R.J. and the control subject had similar performances (see Figure 3) . The performance in the baseline condition suggests that RTs depended on the display size for both R.J. (1,410 ms vs. 1,643 ms for three-and six-item displays, respectively; slope: 78 ms/item) and the control subject (715 ms vs. 908 ms for three-and six-item displays, respectively, slope: 64 ms/item). Similar results were obtained in the distractor onset condition (R.J.: 1,809 ms vs. 2,095 ms for three-and six-item displays, respectively, slope: 95 ms/item; control subject: 942 ms vs. 1213 ms for three-and six-item displays, respectively, slope: 90 ms/item), but this time, RTs were generally slower than they were in the baseline for both R.J., t(23) ϭ 2.96, p Ͻ .008, and the control subject, t(23) ϭ 4.62, p Ͻ .001. Finally, as expected, RTs were not affected by the number of items in the target onset condition for both R.J. (1,278 ms vs. 1,289 ms for three-and 6-item displays, respectively, slope: 4 ms/item) and the control subject (476 ms vs. 499 ms for three-and six-item displays, respectively, slope: 8 ms/item). This time, RTs were generally faster than in the baseline for both R.J., t(23) ϭ 2.34, p Ͻ .028, and the control subject, t(23) ϭ 7.86, p Ͻ .001. The results suggest that onset items captured attention and gained processing priority in an involuntary fashion (Yantis & Jonides, 1984) . If they were taskirrelevant (distractor onset condition), then they considerably slowed down RTs, and if they were task-relevant (target onset condition) then they accelerated RTs, and search efficiency did not depend on display size anymore. These results are clear-cut and suggest that R.J. can correctly shift attention to the location that exhibits dynamic, exogenous changes. Thus, our first conclusion is that exogenous spatial shifts of attention are not disturbed. Brain imaging and studies on direct electrical brain stimulation (Corbetta, 1998; Penfield & Rasmussen, 1950) have suggested that the FO participates with other frontal areas in spatial orienting and search processes. Furthermore, Corbetta and Shulman (2002) included the right FO as part of a ventral frontal network participating in involuntary orienting of attention toward unexpected events. Our results do not support this hypothesis, and they suggest that a lesion of the right FO alone is not enough to disturb these processes.
Nevertheless, other aspects of spatial attention may be involved in such tasks, such as the ability to reduce competition of taskirrelevant items for selection. To investigate this hypothesisindependently of the normal spatial orienting and search processes-we computed benefits (difference between the baseline and target onset conditions) and costs (difference between the baseline and distractor onset conditions), a simple way to inspect the magnitude of facilitation and distraction caused by sudden onsets (see Table 2 ). The mean benefits for the control group were 256 ms (range: 34 -530 ms): 243 ms for R.J. and 324 ms for the control subject. Thus, R.J.'s benefits were positioned within the range of the control group, t(9) ϭ 0.27, p Ͼ .39, suggesting that he benefited from the abrupt appearance of a target to the same extent as the control subjects. The mean costs for the control group were 215 ms (range: 40 -329 ms): 669 ms for Patient R.J. and 266 ms for the control subject. This time, R.J.'s costs were positioned well outside the range of the control group, t(9) ϭ 15.3, p Ͻ .0001. This suggests that, despite normal spatial orienting, the sudden appearance of a distractor in the display caused larger interference effects in R.J.'s performance.
There are three possible explanations for the excessive costs in the performance of R.J.. First, Posner (1980) suggested that attention needs to be disengaged from its current point for subsequent orienting to be correctly accomplished. It would thus be tempting to propose that once R.J.'s attention was engaged with the onset distractor, subsequent orienting to other items of the display would be impaired if attention disengagement failed. This account may be easily ruled out. In visual search paradigms, as the one used here, subjects search for an item among several neighbors. This entails disengaging, moving, and engaging attention on several spatial locations before finding the target. Failures to disengage attention would be observable in all conditions involving active and effortful search for the target. Such failures should result in steeper search slopes in R.J.'s performance compared with the control subjects. This was not the case at all (see the search slopes reported in the two previous paragraphs). Furthermore, such a failure would not only concern disengaging attention from a task-irrelevant onset, but also would concern all items and locations. The second account is a failure in inhibition of return (IOR), a mechanism that prevents attention from returning to previously inspected locations (Klein, 1988) . Theeuwes and Godijn (2002) showed that IOR occurs at the location of task-irrelevant salient items. It would thus be tempting to suggest that once R.J.'s attention was captured by the onset distractor, subsequent bias toward the other unexplored items of the display would take time if IOR failed to inhibit the distractor's location. However, there is evidence that IOR operates during effortful serial search (Klein, 1988; Kristjansson, 2000) . Failures in IOR would be subsequently noticeable already in the baseline condition. They would once again result in steeper search slopes, because R.J. would fail to inhibit already inspected locations and would be forced to explore these locations several times. This was not the case, neither in the baseline nor in the distractor onset conditions. Although the present study was not designed to test IOR, the search slopes of R.J. in the baseline and distractor onset conditions suggest that IOR might be intact. Further investigations are needed to confirm this assumption.
The two first accounts can be ruled out because they predict the existence of a more general deficit during visual search, and they cannot explain the occurrence of an isolated phenomenon, as the response costs in R.J.'s performance. The last account assumes that, after attention has been directed to irrelevant salient items, there is a need to reduce their propensity to demand attention in order to prevent attention from being directed to them. Godijn and Theeuwes (2002) asked participants to make a saccade to a predefined target and to ignore an abruptly onset distractor. The authors observed that onset distractors changed the saccades' trajectories (see also Theeuwes, Kramer, Hahn, Irwin, & Zelinsky, 1999) and reported the existence of two types of saccades: "redirected" saccades, which are directed to the onset distractors but change their goal and turn around (toward the target) in midflight, and "regular" saccades, which are directed toward the target without changing their trajectory but show a deviation in the opposite direction of the onset distractor. According to Godijn and Theeuwes (2002) , there is an active, top-down inhibition of locations to which the saccade should not go. This kind of active inhibition or resistance to interference does not really correspond to the IOR, because it concerns items that are known to be task-irrelevant, even though IOR might subsequently bias search toward the remaining items in the display (Klein, 1988 (Klein, , 2000 . This active resistance to interference would occur to selectively inhibit signals that are potentially salient but known to be task-irrelevant, either because they have just captured attention, were processed and rejected as being irrelevant, or because there is advance knowledge about their irrelevant nature. Failures of this process would produce large interference effects if a salient task-irrelevant item gained processing priority but subsequently needed to be actively ignored. A recent study conducted by Crawford, Hill, and Higham (2005) showed that inhibition of a recent distracting item could be dissociated from IOR. The authors asked subjects to make a saccade toward a target, and they reported that saccadic RTs were considerably slowed when the target item was presented at the location of a nonexplored distractor in the previous display. Although the most appropriate literature for interpreting the results of R.J. is based on oculomotor research, the links of attention and oculomotion (Rizzolatti, Riggio, Dascola, & Umiltà, 1987) do allow these interpretations. In summary, there is evidence that inhibition of a salient task-irrelevant item and IOR are two distinct processes, and the results of R.J. suggest that he experiences difficulties in actively inhibiting salient distractors.
Experiment 2: Task Priorities and Resistance to Interference
We investigated the hypothesis of the existence of a process of active resistance to interference from known task-irrelevant items in Experiment 2. As mentioned previously, one of the conditions necessary to the correct functioning of this process is the knowledge that an item is task-irrelevant and has to be actively inhibited. One way to test this is to provide subjects with a spatial cue indicating the exact location of the target and to inform them that all other items already present or subsequently added in the display are task-irrelevant. Consequently, in Experiment 2, the abruptly added item was always a distractor, and an exogenous precue (an increment in luminance) indicated the absolute location of the target. This also made it possible to assess the maintenance of task priorities (de Fockert et al., 2001 ) between task-relevant and task-irrelevant stimuli by being able to use 100% relevant signals (i.e., the precue) for increasing search performance and for resisting interference from 100% irrelevant signals (i.e., the abrupt onset). When attention is optimally oriented toward task-relevant information, then (a) there is no more display size effect, and (b) abrupt onsets cause little or no interference (Treisman & Gelade, 1980; Yantis & Johnston, 1990) . The first marker indicates that the cue-related spatial information was correctly coded, maintained in working memory, and subsequently used to orient attention. The second marker suggests that there was efficient control of interference from irrelevant items. Recent psychophysical and neurophysiological evidence (Fecteau, Bell, & Munoz, 2004; Richard, Wright, & Ward, 2003) suggests that, when exogenous signals are known to be task-relevant and can be used to guide behavior, then attentional benefits are enhanced, and changes are recorded in the neural activity of attention-related brain structures. For instance, Fecteau and colleagues (2004) showed that the attentionenhancing effects of relevant exogenous signals were correlated with elevated activity in the visuomotor neurons of the superior colliculus, occurring only 112 ms after appearance of the precue. Because Experiment 1 showed that R.J. could use correctly exogenous signals to orient attention, we conducted Experiment 2 to investigate whether R.J. could exploit and modulate the bias in orienting attention that originates from a peripheral increment in luminance and known as indicating the exact location of the target. If exogenous cues do not diminish or abolish the display size effect in R.J.'s performance, then an involvement of the right FO in active maintenance of task-relevant priorities can be suspected. No such result is expected, though, because such a function has been associated to another portion of the vPM (de Fockert et al., 2001 ). However, if the right FO were involved in active resistance to interference, as suggested by the results of Experiment 1, then onset distractors would capture attention without affecting the effects of the precue on the display size effect.
Method
Subjects, stimuli, and apparatus. The subjects, stimuli, and apparatus were the same as in Experiment 1.
Procedure. A trial started with the appearance of a central fixation dot for 1000 ms. The premask was then added and consisted of three or six equally spaced circles containing a small square in their center. The spatial arrangement of the items was the same as in Experiment 1. An exogenous cue (an increment in luminance of the circle that would contain the target) occurred then for 100 ms and indicated the absolute location of the target. Following an interval of 100 ms, the stimulus display was presented. The stimulus display and the task were the same as in Experiment 1. Two conditions were tested: (a) in the distractor onset condition, a new item was abruptly added to the display and contained a nontarget item; (b) in the baseline condition, there was no abrupt onset. Each subject completed a 40-trial training session, followed by an experimental session of 96 trials (24 trials per display size per condition). Display size and conditions were randomly presented. No feedback was given (see Figure 4) .
Results and Discussion
Control group. An analysis of variance was conducted on correct RTs with the display size (three items vs. six items) and condition (baseline vs. distractor onset) as the within-subjects factors. The results are depicted in Figure 5 . No significant effect was found: display size, F(1, 9) ϭ 0.04, p Ͼ .83; condition: F(1, 9) ϭ 1.14, p Ͼ .31. The display size X condition interaction failed to reach significance, F(1, 9) ϭ 0.61, p Ͼ .46. As expected (Yantis & Johnston, 1990; Yantis & Jonides, 1990) , the results of Experiment 2 show that when subjects were presented with a 100% valid precue, chronometric performance did not depend on the number of items in the display (three items: 387 ms; 6 items: 386 ms). Furthermore, as the cue appeared 200 ms before the target, the sudden onset of a task-irrelevant distractor had no effects (baseline: 379 ms; distractor onset: 393 ms).
Patient R.J. versus matched control subject. An analysis of variance was conducted on correct RTs with the subject (R.J. vs. control), display size (three items vs. six items), and condition (baseline vs. distractor onset) as the within-subjects factors. The results are depicted in Figure 5 . As in Experiment 1, R.J. was significantly slower than the control subject (1,132 ms vs. 437 ms, respectively), F(1, 23) ϭ 85.3, p Ͻ .001. The subject X condition interaction reached significance, F(1, 23) ϭ 13.1, p Ͻ . 002, 2 which was due to the presence of interference produced by the appearance of the distractor in R.J.'s performance (1,445 ms) when compared with the baseline (815 ms), t(23) ϭ 3.77, p Ͻ .001. No such effect was found in the performance of the control subject (431 ms vs. 445 ms, for the baseline and the distractor onset condition, respectively), t(23) ϭ 1.4, p Ͼ .17. It is interesting to note that the main display size effect failed to reach significance, F(1, 23) ϭ 0.002, p Ͼ .96, and no interaction involving display size was significant. The absence of effect of the display size was evidenced in both the baseline and the distractor onset condition in the performance of both R.J. (baseline slope: -10 ms/item; distractor condition slope: 12 ms/item; general slope: 1 ms/item) and the control subject (baseline slope: 1 ms/item; distractor onset condition slope: 1 ms/item; general slope: 1 ms/item). Distraction effects were computed (difference between the baseline and the distractor onset condition) to inspect the magnitude of distraction 2 Following the suggestions of an anonymous referee, we conducted an additional analysis of variance in which we compared the performance of the 11 control subjects (as a group of N ϭ 11) with the performance of R.J. (as a group of N ϭ 1). The Subject ϫ Condition interaction was still evident, F(1, 10) ϭ 2696, p Ͻ .0001, and this strengthens the results of Experiment 2. However, there is evidence (Crawford et al., 2004 ) that the use of this method in single case studies is not appropriate. A central fixation dot was followed by the appearance of a premask, consisting of three or six small squares, each one contained in one open circle. The premask was followed by a 100% valid exogenous cue (a sudden increment in luminance at the location of the forthcoming target). The stimulus display appeared after a brief interval, and a 100% irrelevant item could be abruptly added to the display. Events from the distractor onset condition are represented here. No item was abruptly added in the baseline condition.
caused by sudden onsets (see Table 2 ). The mean distraction effect for the control group was 14 ms (range: -8 -29 ms), 607 ms for R.J., and 12 ms for the control subject. Thus, R.J.'s distraction effects were positioned well outside the range of the control group, t(9) ϭ 163, p Ͻ .0001. Once again, the results are clear-cut. Both subjects used exogenous spatial cues to orient attention to the target, leading to a more efficient search mode, as suggested by the absence of display-size effect. R.J. was thus able to correctly maintain priorities between task-relevant and task-irrelevant information and to enhance attentional processing (Richard et al., 2003) . Yet only the control subjects used the same spatial cue to reduce interference. The results of Experiment 2 suggest that a discrete lesion of the right FO is not enough to disturb active maintenance of information on priorities or the enhancement of attentional processing, as assessed through the use of a 100% valid exogenous precue to increase search performance. This was a quite expected result, because brain imaging studies have shown that the processing of search priorities is linked to activity of the superior portion of the vPM, namely area 6 (de Fockert et al., 2001) , and modulation of biases in orienting attention to exogenous cues when they are task-relevant is linked to enhanced activities in subcortical structures (Fecteau et al., 2004) . The results suggest that the right FO is involved in the control of interference, as already suggested by the results of Experiment 1. There is indeed evidence that the vPM acts to deploy resistance to interference, involving both area 6 and the FO (Michael, Kleitz, et al., 2001; Aron et al., 2003) . A lesion of the FO alone is enough to disturb this function. Another question that may be answered from these results is whether interference from odd items alters the current processing of information (Berti & Schröger, 2001) . It seems that such processing is rather retarded or slowed down, but information in working memory is neither lost nor altered. Indeed, despite his difficulties in preventing interference from distractors, R.J. made appropriate use of the precue to find the target.
Experiment 3: Visual Marking (VM) of Old Items
In Experiments 1 and 2, deficits in active resistance to interference were observed for newly presented task-irrelevant items. These deficits were found in situations where (a) after a taskirrelevant onset captured R.J.'s attention, it had to be inhibited in order to continue searching for the target (Experiment 1), and (b) the advance knowledge of the exact target location should have developed a state of inhibition that aims at reducing the attentioncapturing propensity of subsequently appearing task-irrelevant signals (Experiment 2). These deficits were found despite normal orienting to salient items (Experiment 1), maintenance and use of task-priorities, and orienting to task-relevant exogenous signals (Experiment 2). There is thus an independent process dedicated to the active top-down inhibition of unwanted information. It is expected that such a process would also be deployed in cases in which known task-irrelevant items are not new in the display but must be inhibited to reduce competition for selection. The visual marking (VM; Olivers, Watson, & Humphreys, 1999; Watson & Humphreys, 1997 ) is a visual search paradigm that assesses the influence of old irrelevant information on the selection of new information. A VM procedure is composed of three distinct blocks of trials. The first is the homogenous block, which requires search for a target among nontargets that are all identical. The display size is half that of the second and third blocks of trials, the heterogenous block, in which nontargets are physically similar but have different spatial arrangements, and the preview block, in which the stimuli are the same as in the heterogenous block but half of them are presented for 1000 msec, and a set containing the remainder as well as the target is subsequently added to the display. The results usually show steep search slopes in the heterogenous block, shallower slopes in the homogenous block, and intermediate slopes in the preview block, which are closer to that of the homogenous block (Watson & Humphreys, 1997) . Thus, although the content of displays in the preview blocks are the same as in the heterogenous blocks, search performance is better and closer to the one observed in the homogenous blocks (known as the preview benefits).
Several studies conducted on healthy volunteers (Watson & Humphreys, 1997 have shown that the main mechanism through which performance in the preview blocks increases is active inhibition of the set of items presented first (i.e., old items), not any memory-based search of the target (Olivers, Humphreys, Heinke, & Cooper, 2002) . According to Watson and Humphreys (1997) , "Visual marking is produced by top-down goal-based inhibition, which biases selection against old marked stimuli when new events occur" (p. 117). The inhibitory nature of this process was demonstrated by decreased performance in a probe-dot detection task in conditions in which the probe was located near a marked item (Watson & Humphreys, 2000) . This process attains its optimal inhibitory functioning approximately 400 msec after the appearance of the set of old items. VM requires the commitment of limited capacity resources, whereas inhibition itself is not resource limited (Watson & Humphreys, 1997) . As a point of fact, Watson and Humphreys (1997; see also Humphreys, Watson, & Jolicoeur, 2002) showed that the preview benefits were reduced if subjects were asked to cazrry out a secondary task during the preview period. The authors argued that "the mechanism for prioritizing the selection of new objects demands central resources," (p. 113) which were also required in the secondary task. When resources are devoted to a secondary task, subjects are less able to inhibit old items.
The network underlying inhibition of these coded locations is not yet well defined but most probably involves the parietal cortices (Olivers & Humphreys, 2004; Pollman et al., 2003) . An elegant prediction made by Aron and colleagues (2004) is that any task requiring cognitive control of interference will be affected by lesions of the right FO. Given the existing evidence (Aron et al., 2003 (Aron et al., , 2004 Bunge et al., 2001; de Fockert et al., 2004; Michael, Kleitz, et al., 2001) , the vPM might also be part of the network underlying inhibition of marked locations, the right FO in particular. The patient R.J. exhibits, indeed, a selective deficit in resistance to interference, as suggested by his poor performance in inhibiting the processing of irrelevant dynamic onsets. This constitutes a unique opportunity to establish whether the VM involves the inhibitory process, which is in failure in R.J. If VM is based on inhibition of old locations (Watson & Humphreys, 1997 and lesions of the right FO produce general deficits in inhibition (Aron et al., 2003 (Aron et al., , 2004 , then R.J. should show reduced preview benefits. As a result, visual search patterns between the heterogenous and preview blocks should be similar. Furthermore, as R.J.'s neuropsychological profile (see Table 1 ) suggests that he can code and maintain up to four spatial locations in visual short-term memory (VSTM), this is also an opportunity to examine whether VM is based solely on inhibition of the already coded locations or whether it involves some short-term memory for spatial locations (i.e., subjects code and remember the locations of old items so that they can avoid searching the target among them (Kristjansson, 2000) . If VM is based on visual short-term mnemonic search, then R.J. should exhibit normal preview benefits if required to code and remember up to four spatial locations (as suggested by his spatial span in the Corsi block tapping test), but preview benefits should be reduced if the number of locations to remember were greater than four. Thus, different patterns of performance are expected as a function of each theoretical account.
Method
Subjects. The subjects were the same as in Experiment 1. Stimuli and apparatus. The stimuli were gray squares (37.37 cd/m 2 ) presented on a black background (0.034 cd/m 2 ). At a viewing distance of 30 cm, the angular size of each square was 0.5°ϫ 0.5°. Each square had a gap and was rotated 0°, 90°, 180°, or 270°clockwise. The target orientation was 90°or 270°, whereas the distractors' orientation was 0°or 180°. The stimuli were displayed centrally on a color screen of a Dell Latitude portable computer with a Pentium II 200 MHz processor. The experiments took place in a dimly lit room.
Procedure. A trial started with the appearance of a central fixation dot for 1,000 ms, then the search display was presented and remained visible until a response was given. The stimuli were randomly distributed within the frames of an imaginary 7.8°ϫ 7.8°square. Three conditions were tested in three distinct blocks: (a) In the homogenous condition, a set of three, four, or five squares was presented. All of the squares except one had the same orientation (0°or 180°). The last one was rotated 90°or 270°and was the target. (b) In the heterogenous condition, the display contained six, eight, or ten items, half of them being rotated 0°, and the remaining items, except one, were rotated 180°. The last item was rotated 90°or 270°and was the target. (c) Finally, in the preview condition, a set of three, four, or five squares was presented for 1,000 ms. Each one had a gap and was rotated 180°, followed by the addition of an equal number of squares rotated 0°, except for one, which was the target. Subjects were asked to indicate the location of the target's gap (right or left) by pressing one of two predefined response buttons. According to the classic VM procedure, the subjects were also informed that, in the preview condition, the target would always be part of the second set of items. Each subject completed a 30-trial training session, followed by an experimental session of 180 trials (20 per display size per condition). The display size was randomly presented within each block. No feedback was given (see Figure 6 ).
Results and Discussion
Control group. An analysis of variance was carried out on mean correct RTs with display size (6 items vs. 8 items vs. 10 items) and condition (homogenous, heterogenous, and preview) as the within-subjects factors (see Figure 7) . The main effect of display size was significant, F(2, 18) ϭ 38.3, p Ͻ .0001: RT increased with increasing number of items in the display. The main effect of condition was also significant, F(2, 18) ϭ 25.5, p Ͻ .0001, and this reflected slower RTs in the heterogenous condition (1,113 ms) and faster RTs in the homogenous condition (721 ms), with performance in the preview condition falling in between (831 ms). Finally, the display size X condition interaction reached significance, F(4, 36) ϭ 6.64, p Ͻ .0004. This interaction was due to sharper increments in RT as a function of the display size in the heterogenous condition compared with the homogenous and preview conditions. Search slopes were much steeper in the heterogenous condition (86 ms/item) than in the homogenous (33 ms/ item) and preview conditions (39 ms/item). It should be also pointed out that even though the display sizes of the preview condition were the same as in the heterogenous condition, search slopes were halved and were very close to the search slopes observed in the homogenous condition. These results are quite clear and replicate previous findings on VM (Olivers et al., 1999; Figure 6 . Trial events from Experiment 3. Stimuli are not shown in real size. A central fixation dot was followed by the appearance of the search display. Events from the three conditions are represented here. In the preview condition, half of the items were presented first, and the remainder of the items were added 1,000 ms later. The target was always presented among the items of the second set. Watson & Humphreys, 1997) . According to Watson and Humphreys (1997) , when subjects are informed that a group of items that appears first on the screen does not contain the target and that a subsequent set of items will contain the target, then subjects bias selection toward new items by inhibiting the location of the old group. The differences between the heterogenous and the preview conditions, as well as the similarities between the preview and the homogenous conditions in terms of overall search time and search slopes, are clear indexes of the VM process.
Patient R.J. versus matched control subject. An analysis of variance was conducted on correct RTs with the subject (R.J. vs. control), display size (6 items vs. 8 items vs. 10 items) and condition (homogenous, heterogenous, and preview) as the withinsubjects factors. The results are depicted in Figure 7 . As in the two previous experiments, R.J. was slower than the control subject (1,464 ms vs. 935 ms, respectively), F(1, 19) ϭ 126.8, p Ͻ .0001. The main effect of display size was significant, F(2, 38) ϭ 16.04, p Ͻ .0001: RT increased with increasing number of items in the display. The main effect of condition proved significant, F(2, 38) ϭ 46.9, p Ͻ .0001, and this reflected slower RT in the heterogenous condition (1,414 ms) and faster RT in the homogenous condition (950 ms), with performance in the preview condition falling in between (1,235 ms). Finally, the subject X condition interaction reached significance, F(2, 38) ϭ 6.4, p Ͻ .004.
3 Post hoc comparisons revealed that this interaction was due to the absence of difference in RT between the heterogenous and the preview conditions in R.J.'s performance (1,604 ms vs. 1,602 ms, p Ͼ .98), whereas these conditions differed significantly in the performance of the control subject (1,224 ms vs. 868 ms, p Ͻ .0002). This finding is important, because it suggests that visual search in the preview condition was effortful and inefficient for R.J. but, as expected, not for the control subject. The results of the control subject reflected those already presented in the literature on VM (Olivers et al., 1999; Watson & Humphreys, 1997) , as well as in the results of the control group. Even if the number of items present in the display were the same, RTs in the preview condition were not as long as in the heterogenous condition. Instead, they were closer to the pattern of performance observed in the homogenous condition in which only half of the items were presented. However, the performance of R.J. intimated the existence of a deficit in inhibiting old task-irrelevant items. The performance pattern in the preview condition was strikingly superimposed to the performance obtained in the heterogenous condition. The direct comparison of the search slopes confirmed these assumptions. As a point of fact, even though R.J.'s search slope in the homogenous condition was quite steep (mainly because of the small size of items, rendering the task difficult; Olivers et al., 1999) , they were reliably shallower than in the heterogenous condition (52 ms vs. 144 ms), t(19) ϭ 1.9, p Ͻ .036, and the preview condition as well (130 ms), t(19) ϭ 1.82, p Ͻ .043. Of central importance is the absence of difference between the heterogenous and the preview conditions' slopes, t(19) ϭ 0.32, p Ͼ .37. The control subject showed a more classical profile, with search slopes being steeper in the heterogenous than in the preview condition (77 ms vs. 20 ms), t(19) ϭ 1.53, p Ͻ .07, but with similar slopes between the preview and the homogenous conditions (22 ms), t(19) ϭ 0.1, p Ͼ .46. It is of interest that R.J.'s search slopes were close to the range of the slopes of the control group for both homogenous (range of control subjects: 15-48 ms/item; R.J.: 52 ms/item) and heterogenous blocks (range of control subjects: 23-172 ms/item; R.J.: 144 ms/item), but were much steeper in the preview blocks (range of control subjects: 6 -74 ms/item; R.J.: 130 ms/item), t(9) ϭ 9.7, p Ͻ .0001. Overall, R.J. did not have any preview benefits (2 ms), whereas the control subject did (357 ms). The preview benefits (computed by subtracting the RTs obtained in the preview condition from those observed in the heterogenous condition) of the control subject were positioned within the range of the preview benefits observed in the control group (range: 75-516 ms; mean: 282 ms), whereas R.J.'s benefits were strikingly diminished, t(9) ϭ 3.12, p Ͻ .012 (see Table 2 ). It is quite implausible that the results of R.J. in Experiment 3 were due to order effects, mainly because all subjects received the blocks in the same order, but only R.J. showed the specific reported effects. They could not be due to fatigue either because the whole Experiment 3 lasted only approximately 8 min with pauses between successive blocks.
Several studies have suggested that when old items are known to be task-irrelevant, subjects develop an intentional state to bias selection toward new sets of items that contain the target (Watson & Humphreys, 1997; Watson, Humphreys, & Olivers, 2003) . The locations of these items are coded and their spatial representation is actively inhibited (Watson & Humphreys, 2000) . This contributes to prevent these old marked items from competing for selection. It is thus expected that VM disappear if the locations of the old items are not correctly coded or if they are coded but not inhibited. The performance of R.J. in Experiment 3 constitutes a clear demonstration of the absence of VM of old objects. As a matter of fact, old items still compete for selection, because the performance pattern observed in the preview condition is practically identical to the one observed in the heterogenous condition.
Does this problem reveal a deficit in coding spatial locations of the items to ignore, or does it reveal a problem in inhibiting correctly coded locations? This question cannot be answered solely on the basis of Experiment 3; however, there is a multitude of other data in the present study that support the hypothesis of a weakened inhibition. Olivers and Humphreys (2004) reported similar results in patients with lesions of the parietal cortices. The authors suggested that the "parietal lesions may affect the inhibitory process itself or the spatial representations to which inhibition is applied" (p. 684). Yet, it is difficult to attribute one of these processes to the parietal cortex through the work of Olivers and Humphreys (2004) . However, R.J.'s deficit observed in the preview blocks cannot be attributed to an insufficient coding of spatial locations. As can be seen through his performance in the clinical neuropsychological tests (see Table 1 ), R.J.'s spatial span is weak but is still within the normal limits. He can seemingly code and remember up to four different spatial locations. A weak spatial coding or short-term memory cannot account for the results of R.J. in Experiment 3. If the performance was due to poor spatial coding and short-term memory, one should expect R.J. to exhibit normal VM for preview sets of size 6 and 8, which require efficient coding of 3 and 4 spatial old locations, respectively, but diminished VM for sets of size 10. Clinical data suggests that R.J. is quite able to do so. His performance is clearly not normal whatever the display size: he cannot mark old items in order to prioritize new ones, and performance in preview blocks is strikingly superimposed to the performance obtained in the heterogenous blocks. This cannot be due to inefficient spatial coding or defective spatial short-term memory. However, there is quite consistent data in the literature that shows that VM is based on inhibitory control of spatial locations. As far as R.J. is concerned, there is evidence that he cannot resist interference from task-irrelevant items. Furthermore, as Table 1 shows, R.J. fails in clinical tests requiring inhibitory control, such as the Stroop color-word test and the clinical version of the motor go-no-go test. We thus propose that R.J.'s inhibitory process acting to block out task-irrelevant items, new or old, from competing for selection is in failure.
General Discussion
Some evidence in the literature suggests that the vPM plays an important role in attention processes. The role of the structures that constitute the vPM, namely the FO and the caudal part of BA6, still remains puzzling mainly, because it is associated, along with other frontal areas, with oculomotor behavior, visual search, and orienting of attention (Corbetta, 1998; Penfield & Rasmussen, 1950) , active maintenance of goal-relevant information (de Fockert et al., 2001; Rosen et al., 1999) , and control of interference (Aron et al., 2003; Bunge et al., 2001; de Fockert et al., 2004; Michael, Kleitz, et al., 2001 ). The present study investigated the role of the FO in these processes through the testing of a rare patient, R.J., suffering from a discrete tumoral lesion of the right FO. Three different attention tasks were proposed involving visual search, orienting of attention, the maintenance of task-priorities, and the inhibition of new or old task-irrelevant information. All three tasks were inspired from frequently used paradigms through which distinct and well known phenomena and processes are studied. The overall results suggest the following:
1. Patient R.J. can orient attention involuntarily toward exogenous signals and therefore accelerate chronometric performance when these items are task-relevant, as control subjects.
2. When these signals are task-irrelevant, they produce excessively increased interference.
3. R.J. can set priorities and can bias selection toward signals that indicate the target location.
4. Because biasing selection toward priority signals requires correct spatial coding, it is assumed that R.J. can code correctly important spatial locations. This is also attested by correct neuropsychological performance in a task of spatial span.
5. Despite R.J.'s assumed ability to correctly code spatial locations, he cannot use these signals to reduce interference from other task-irrelevant events.
6. Despite the fact that R.J. knows that a defined group of items in the display is irrelevant for the current task, he cannot reduce their propensity to compete for selection.
These findings suggest that orienting of attention interacts with a distinct process devoted to resistance to interference, that is, the ability to decrease the propensity of task-irrelevant events or locations to call for attention and to compete for selection. This process seems to be quite independent from the orienting processes, because the present study clearly shows that it can be selectively disrupted without affecting spatial orienting. Yet, previous models assumed that the inhibitory process was part of the orienting process. For instance, Posner, Inhoff, and Friedrich (1987) proposed that when a sudden event occurs in space, a process codes its location, and inhibition is subsequently applied to other locations to prevent attention from going there. The results of R.J. reported in the present study show that orienting attention, setting priorities, and coding locations can correctly take place even when the inhibitory process is disturbed. Of course, this does not question Posner's hypothesis, but it adds an important argument in favor of the independence of the orienting and the inhibitory processes. Neuroimaging studies have identified the right FO as being actively involved in spatial orienting and search (Corbetta, 1998) , and a recent elegant neuroanatomical model of attentional control (Corbetta & Shulman, 2002) attributed an important role in the detection of and subsequent orienting to unexpected events to the right inferior frontal areas (among which is the FO). We believe that this is not a discrepancy but rather a theoretical ambiguity. The results of Experiment 1 suggest that R.J. can correctly orient attention to locations exhibiting salient, dynamic changes, yet when task-irrelevant items are contained in these locations, they produce excessive costs. Furthermore, the results of Experiment 2 show that R.J. can use correctly spatial cues to orient attention and increase his performance, but he cannot use the same cues to reduce the competing weight of task-irrelevant onsets. We thus hypothesize that the inhibitory process underlain by the right FO acts to selectively inhibit signals that are potentially salient but known to be task-irrelevant, either because they have just captured attention and were subsequently rejected as being irrelevant or because there is advance knowledge on their irrelevant nature. This may explain the observed activations of the right FO during orienting and search.
In a recent review of the literature, it was hypothesized that the right FO participates in any task requiring cognitive suppression of responses (Aron et al., 2004) . Neuroimaging studies have shown that the right FO was activated in different tasks requiring response inhibition (e.g., go-no-go and stop-signal tasks), suppression of interference (e.g., flanker interference tasks), and task-switching, which may require inhibition of responding to previously relevant but currently irrelevant target features (Bunge et al., 2002; Konishi et al., 1999) . However, a recent neuropsychological study showed that lesions of the right FO, but not of other parts of the frontal cortex, disrupted inhibition in a stop-signal task (Aron et al., 2003) . In agreement with this "wide-range-inhibition" hypothesis (Aron et al., 2004) , the results of R.J. strongly suggest a selective disruption in an inhibitory process. It is of interest that evidence of this dysfunction was found in three different attention tasks requiring active inhibition of known irrelevant signals. Experiment 1 assessed the ability to reduce the competing weight of a justexplored abruptly presented item, Experiment 2 tested the ability to resist interference from a 100% task-irrelevant abruptly presented item, whereas Experiment 3 tested the ability to apply inhibition on several 100% irrelevant spatial locations in order to increase processing priority of a forthcoming set of items containing the target. Furthermore, if we look at R.J.'s neuropsychological profile (see Table 1 ), we may notice that he has difficulties in several tasks requiring different kinds of inhibition. As a matter of fact, there is clinical evidence for disruption in (a) motor inhibition as revealed by a go-no-go task (this qualitative clinical version of the test requires the patient to tap once if the examiner taps once and to withhold if the examiner taps twice) and a conflict task (the patient has to tap once if the examiner taps twice and to tap twice if the examiner taps once), (b) graphomotor inhibition as revealed by the test of graphic fluency, (c) interference suppression as revealed through an important number of errors in the Stroop color-word test, and (d) task-switching as revealed through the Wisconsin Card Sorting Test (Milner, 1963) and the Trail Making Test-Version B (Lezak, 1995) .
How Do You Resist Interference? A Cognitive Model
The processes through which we resist interference from known task-irrelevant items are not yet well understood. However, there is substantial evidence that humans are quite capable of doing this through specialized subsystems and that these subsystems may be selectively disrupted by damage to a network of well-identified brain structures (Aron et al., 2004) . However, there is little mention to such inhibitory process in currently influential cognitive models of attention. For instance, Theeuwes (1992 Theeuwes ( , 1995 suggested the existence of two sequential processing stages in attention. The preattentive process computes differences in features for each stimulus dimension (color, form, and so forth), resulting in a salience map representing how different each item is from each of its neighbors within a particular feature dimension. The attentive stage follows, during which focal attention is directed serially and unintentionally to the location having the highest activity, the next highest, and so forth. This model assumes that attentional capture by task-irrelevant items or feature dimensions can occur only during the preattentive stage and that switching to a focal mode precludes interference from task-irrelevant signals. Indeed, Theeuwes (1995) showed that task-irrelevant items interfered with the processing of the target when presented at the same time or shortly after its appearance, but the items ceased to do so when they were presented during later attentive stages. The assumption of this model is clear: Resistance to interference occurs without the involvement of any inhibitory process. Instead, attention "operates like a spatial filter, blocking out all information outside the attended" area (Theeuwes, 1995, p. 231) . Similarly, the model of biased competition (Desimone & Duncan, 1995) assumes that spatial selection "does not simply enhance processing of the stimulus at the attended location but rather seems to resolve competition between stimuli" (p. 203). Once again, it seems that there is no need for inhibition; yet, there is considerable evidence that inhibition is one of the processes through which task-irrelevant signals cease to compete for selection. For instance, inhibition of old unwanted items is the basic feature of the VM model described earlier (Watson & Humphreys, 1997) . Similarly, there is an inhibitory process in the spotlight model of attention , which acts to prevent attention from being oriented to task-irrelevant locations. At this point, the results of R.J. (see also Michael, Kleitz, et al., 2001 ) constitute a strong argument in favor of the existence of this inhibitory process, which is active during spatial orienting and search. Furthermore, these results show that this process is completely independent from the process of orienting, because the latter can function correctly without the former. Thus, we need to modify the already existing cognitive models of attention to account for these findings.
We propose here a hybrid model, derived from the models of VM (Watson & Humphreys, 1997) , and attentional capture by salience (Theeuwes, 1992) . The basic and novel feature of this model (see Figure 8) is the existence of a cognitive map (called "master activation map" or MAM), which integrates activities related to visually salient signals, as well as activities related to the relevance of items or locations for the current task. This assumption is based on neurophysiological findings suggesting that bottom-up and top-down signals may be combined at both cortical (Treue, 2003) and subcortical levels (Fecteau et al., 2004) . The output of the MAM constitutes the only input to an orienting process and serves to guide attention to the strongest signal in the visual field. The MAM also constitutes the only element through which an independent inhibitory process weakens the propensity of bottom-up signals to call for attention. The assumption of the independence of these processes is based on R.J.'s performance and was discussed earlier. Following the evidence, the inhibitory process itself is not resource limited but depends on a resourcelimited process involved in maintaining the goal state of the observer (Watson & Humphreys, 1997 ).
In our model, the visual processing is initially split in two, with spatial locations and basic feature dimensions (color, form, and so forth) being processed in separate maps corresponding, respectively, to the processing occurring within the occipito-parietal and the occipito-inferotemporal streams (Mishkin, Ungerleider, & Macko, 1983) . Differences in features for each stimulus dimension are computed, resulting in a salience map representing how dif-ferent each item is from each of its neighbors (Theeuwes, 1992) . A relevance map is activated only if subjects intend to find the target by using the available knowledge regarding this item (e.g., location, features, and so forth). The content of both the salience and the relevance maps is integrated in the MAM, which will contain activities arising from all visually salient items in the visual field and all the items that are momentarily task-relevant (Treue, 2003) . The spatial coordinates of each activity are obtained through the interactions of the MAM with the spatial map. Attention is subsequently directed to the location having the highest activity, the next highest, and so forth. This progression is done with the aid of inhibition of return (Klein, 1988 (Klein, , 2000 , which we consider as being part of the orienting process (and of which no particular mention exists in Figure 8 ). If the strong signal toward which attention has been directed is task-irrelevant, then active inhibition is applied on the corresponding activity in the MAM to reduce its competing weight. If there are two or more equally strong activities, then they compete for selection and call for attention. The competition is resolved by means of the action of the inhibitory process. If some knowledge on the target's properties or location is available, then the inhibitory process is activated and weakens the task-irrelevant activities contained in the MAM. Attention is then directed to the remaining strong activity contained in the MAM. The inhibitory process needs time to be fully operational (Theeuwes, 1995; Watson & Humphreys, 1997; Yantis & Johnston, 1990) , and this may depend on the nature of the task. We assume that resistance to interference is not achieved because inhibition is applied on potentially or known task-irrelevant locations (Watson & Humphreys, 1997) , not because attention operates like a spatial filter blocking out all information outside the attended area (Theeuwes, 1992 (Theeuwes, , 1995 but because inhibition reduces task-irrelevant activity that arises in the MAM.
Interpreting the Results of the Present Study in Light of the MAM Model
The MAM model assumes the independence of the inhibitory process, as well as its interactions with the orienting process through the master salience map. We will thus attempt to interpret the results obtained in the present study in light of this model, and other related phenomena will be discussed in the next section.
Attentional capture in visual search. Experiment 1 is a version of the paradigm developed by Yantis and Jonides (1984) . While subjects search for a target among a varying number of nontargets, one item may appear abruptly. In the baseline condition, which does not exhibit such a change, the items are equally salient and, according to the model, are represented with equal small activities within the salience map. Activities within the relevance map cannot arise correctly because the target's location or particular features are unknown. The MAM will thus integrate activities corresponding to each one of the items of the display, and all activities will be represented as being equal or highly similar. Search will thus proceed serially, and attention will be directed from one item to the other until the target is found. The bigger the number of items, the longer it will take to find the target. What if the display contains an item that differs from its neighbors or appears abruptly? The location (and other features) of the odd item will be registered, and a high activity will arise in the salience map. Because the target's location is unknown, as previously noted, the relevance map will not contain any strong activity. The MAM will thus integrate a strong salience activity and weak activities from the relevance map. Attention will consequently be oriented to the location of the strongest activity, as in the model proposed by Theeuwes (1992) . If this location contains the target (as in the "target onset" condition), then search stops. If it contains a nontarget (as in the "distractor onset condition"), then the inhibitory process decreases the activity of this item represented in the MAM, and attention is directed to the location of the remaining activities. It should be noted that inhibition is not applied before the identity of the salient item is processed. This means that equally salient items, relevant or irrelevant for the ongoing task, will be represented with equal activities in the salience map. The fact that this inhibitory mechanism operates in the distractor onset trials is Figure 8 . The master activation map (MAM) hybrid model. The spatial and nonspatial dimensions of the visual input are processed through separated routes. The differences in feature dimensions (e.g., color, orientation, and so forth) among the display items are represented as activities in a salience map. These activities are subsequently integrated in the MAM, a cognitive map that also integrates activities related to the relevance of items or locations for the current task, originated in a relevance map. The output of the MAM constitutes the only input to a unique orienting process and is used to guide attention to the strongest signal in the visual field. Guided by goals, an independent inhibitory process weakens the propensity of bottom-up signals to call for attention through its action on the MAM. obvious in the response costs observed in the performance of R.J.: They are well larger than what was expected, while benefits are positioned within the expected range. This suggests that it is necessary to inhibit the activity of this item in the MAM before going away, an issue on which the performance of the control subjects provided no insights. Crawford and colleagues (2005) found evidence of such an inhibitory control exerted on distractors; however, the performance of R.J. in Experiment 1 suggests that orienting attention from one location to another in a serial manner is correct, as is orienting to salient items. We thus suggest that the processing of spatial and nonspatial properties of the display items, the establishment of the salience and the master activation maps, the use of the output of the MAM by the orienting process, and the orienting process itself are not disturbed. Conversely, the inhibition of the activity corresponding to a highly salient, just-explored task-irrelevant item seems to fail.
In general, as long as there is no precise and advance knowledge on the target that may give rise to strong activities within the relevance map, the MAM's configuration will be close to that of the salience map. In such cases, the MAM hybrid model behaves as the salience-based model proposed by Theeuwes (1992) . The orienting process uses the output of the MAM to direct attention to the location containing the strongest activity. There is no need to inhibit unwanted locations , but if attention needs to be redirected, it might be necessary to inhibit strong activities in the MAM originated in the salience map and representing irrelevant items.
Task priorities and resistance to interference. There are situations in which the target's location or features and some of the distractors' characteristics are known. This was the case in Experiment 2. In all conditions, a spatial precue informed subjects on the exact location of the target. We suppose that, during the initial processing stages of the display, items would be represented with small activities in the salience map, because all were physically similar. The increment in luminance used as an exogenous cue would raise a strong signal in the salience map and, at the same time, a strong activity would arise in the relevance map: Subjects were informed that the cue would indicate the exact location of the target. The MAM would thus include, through both the salience and the relevance maps, one strong activity corresponding to the same item: the target. Attention would be subsequently directed to the location of this activity. In such a case, the number of items in the display should have no effect on search performance. The performance of R.J. in the baseline condition of Experiment 2 shows that he was able to use spatial precues correctly to orient attention and to avoid active visual search for the target. There was no effect of the number of nontarget items in the display. But what would happen if the display contained a task-irrelevant item differing from its neighbors or appearing abruptly, as in the distractor onset condition? The MAM would contain two strong activities, one corresponding to the target and originating in both the salience and the relevance maps and a second activity corresponding to the odd item and originating only in the salience map. Both activities would call for attention and would compete for selection. The resolution of this competition could be due to the inhibitory process that would operate to decrease the activity of the salient (but known as being irrelevant) item in the MAM. Godijn and Theeuwes (2002) reported that the trajectory of regular saccades directed to a predefined target was deviated in the opposite direction of a known distractor. This saccadic curvature provides supporting evidence for inhibition of task-irrelevant items when attention has to be directed to a known target. Furthermore, there is substantial evidence in the literature that when enough time is given, salient task-irrelevant items cease to capture attention (Theeuwes, 1995; Yantis & Johnston, 1990; Yantis & Jonides, 1990) . This may reflect the time needed for inhibition to be fully operational. It is interesting to note that, despite evidence that inhibition may be location-based, in Experiment 2 it was not possible to predict the distractor's location in a given trial. This suggests that inhibition may occur despite the absence of spatial information on items to avoid-this is why we assume that inhibition is applied to activities in the MAM, not to locations.
An alternative explanation of R.J.'s difficulties in controlling interference would be a slower decay of activities in the salience map. Highly salient items could continue to attract attention because of continued activation in the salience map. There are several arguments against this account. First, slower decay of salience cannot account for the results of Experiment 1. If this were the case, then R.J. should have shown greater response benefits than control subjects in the "target onset" condition where the target was highly salient; however, R.J.'s benefits were within the expected range (see Table 2 ). Second, a previous study (Michael, Kleitz, et al., 2001 ; Experiment 2) showed that R.J. exhibited large effects of interference even when the cue-to-distractor stimulus onset asynchrony was as long as 300 ms. Thus, this is may not be a matter of slower decay of salience but a matter of resistance to interference. Finally, this hypothesis cannot explain why R.J. demonstrated deviant performance in the interferential condition of the Stroop test (see Table 1 ). Was the salience of irrelevant words larger and related activity in the MAM decayed with a slower rate than the activity of the relevant words? R.J.'s scores for both word reading and color naming were normal. If the salience of words were higher and/or the relevance signal of colors were lower, R.J. should outperform in the word-reading task or deviate in the color-naming task. This was not the case at all. The alternative hypothesis may thus be ruled out.
The results of R.J. show that, even if he could correctly orient attention and increase performance in response to precues, he could not block out irrelevant items. This would result in large interference effects, and a previous study showed that this would be the case even if more time was available to focus attention (Michael, Kleitz, et al., 2001, Experiment 2) . This confirms what was concluded in Experiment 1, that (a) the processing of spatial and nonspatial properties of the display items, (b) the establishment of the salience and the MAMs, (c) the use of the output of the MAM by the orienting process, and (d) the orienting process itself are not disturbed in R.J.. We can also add that the establishment of the relevance map is also undisturbed, because R.J. can use taskrelevant cues to orient attention to the target (see also Michael, Kleitz, et al., 2001) . However, the inhibition of the activity corresponding to a highly salient item known as being 100% irrelevant seems to fail, and competition for selection between activities in the MAM is hard to resolve.
The results of Experiment 2 strengthen the hypothesis of the existence of two distinct processes, and resistance to interference cannot be achieved solely through orienting to the target location (Theeuwes, 1992) . In terms of the present model, the MAM would contain at least two strong activities, one corresponding to the target and one to the irrelevant abrupt onset, and the resolution of their competition for selection would fail because of weakened inhibition. The MAM model considers that multiple strong activities may coexist in the MAM, and all activities may serve as input to the orienting process. This creates several important theoretical consequences. The first consequence is that attention can be at two different locations at the same time. This is discussed later in this article. The second consequence is that the orienting process does not need to be endogenous or exogenous, as assumed by the independent horse race model (Theeuwes et al., 1999) . Instead, the output of this process (e.g., the way attention will be oriented) depends on the origin of the strongest activity in the MAM. If this activity originates in the relevance map, then orienting is done in an endogenous fashion, and if it originates in the salience map, then orienting is done in an involuntary fashion. This point of view is in agreement with the competitive integration model , which assumes that exogenous and endogenous movements are programmed in a common map. Finally, the MAM model considers that activities from the salience map may be well stronger than activities from the relevance map. For instance, there might be some knowledge about the target but not enough to establish a strong activity in the relevance map or to direct correctly the inhibitory process. In such cases, the model assumes that attention will be directed to the task-irrelevant, yet stronger, activity.
Resisting interference from old items (VM).
The MAM model includes a modified version of the VM model proposed by Watson and Humphreys (1997;  see left half of Figure 8 ). When objects or locations in the visual field are known to be task-irrelevant, and subjects are informed that a forthcoming set of items will contain the target, then subjects bias selection toward new items by inhibiting the location of the old ones. In our model, this inhibition is exerted on the MAM. The activity corresponding to the old items would be considerably reduced at the level of the MAM due to the action of the inhibitory process. Activities corresponding to the new set of items would subsequently arise in the salience map because of their abrupt onset. This means that new items may not gain priority only because old items are inhibited, but also because they are represented with stronger activities in the MAM. This may explain some findings that suggest that the prioritization of new objects in VM tasks may also involve bottom-up processes (Belopolsky, Theeuwes, & Kramer, 2005; Donk & Theeuwes, 2003) . R.J.'s performance in Experiment 3 can be interpreted as a failure of the inhibitory process. The locations of old items would be registered, but their activity within the MAM could not be reduced. The subsequent appearance of a new set of items would thus increase the number of activities within the MAM, consequently increasing the number of items to explore and reducing the opportunity to obtain preview benefits.
Interpreting Other Related Phenomena
The MAM model does not have the ambition to explain the totality or even the majority of findings reported in attention research, but it can explain some phenomena that are directly linked to attentional capture.
Simultaneous programming of one goal-directed and one involuntary attention movements. In a study on attentional capture, Theeuwes and colleagues (1999) showed that the appearance of a task-irrelevant item during search for a predefined target frequently resulted in the movement of the eyes toward that item. The authors suggested that while programming a goal-directed movement toward the target location, attention was involuntarily drawn to the location of the task-irrelevant item. This shift initiated the programming of a reflexive saccade to the location of the irrelevant item. Thus, there was simultaneous programming of two attention/eye movements. In light of the MAM model, the knowledge of the target's properties would add a strong activity in the relevance map. At the same time, the abrupt onset of another item would add an equally strong activity in the salience map. Both activities would be consequently represented in the MAM, would compete for selection, and would serve as input for the orienting process. Two concurrent movements of attention would then be programmed toward each of these items: Attention can be at two locations at the same time (Kramer & Hahn, 1995; Theeuwes et al., 1999) . This may explain why subjects made involuntary saccades toward visually salient items even though they knew where or how to find the target (Theeuwes et al., 1999) . Another important finding of the Theeuwes et al.'s (1999) study is that the proportion of this kind of eye movement was considerably reduced when the target appeared well before the task-irrelevant item. The authors argued that "as soon as the eye movement toward the color singleton is ready, the reflexive saccade toward the onset will be inhibited" (Theeuwes et al., 1999 (Theeuwes et al., , p. 1605 . There is a clear mention to an inhibitory control exerted on involuntary attention/ eye movements, and according to Godijn and Theeuwes (2002) , this inhibition could concern locations to which the saccade should not go. This implies that an involuntary movement should be executed in case of failure of this inhibition. Accordingly, Michael, Kleitz, and colleagues (2001, Experiment 4) found that, in the performance of R.J., attentional capture was accompanied by behavioral markers of oculomotor activity: the meridian effect (Rizzolatti et al., 1987) . The same marker was observed in the performance of healthy volunteers when not enough time was given for inhibition to be fully operational (Michael, Boucart, et al., 2001 ). Even though no eye movements were recorded in those studies, the meridian effect accompanying attentional capture probably revealed that when inhibition failed, an involuntary movement of attention was programmed toward a task-irrelevant salient item at the time a goal-directed movement was programmed to reach the target (Theeuwes et al., 1999) . According to the MAM model, inhibition decreases task-irrelevant activities contained in the MAM. This reduces the probability that the orienting process uses multiple outputs and consequently decreases the probability of two simultaneous movements of attention to be programmed. Finally, it takes time to do this correctly, and the integrity of the right FO seems to be a necessary condition.
Involuntary orienting following lesions of the pulvinar. The exact role of the pulvinar nucleus of the thalamus in orienting and search is not clearly established. It seems, however, that one of its functions is the generation of visual salience (Robinson & Petersen, 1992) . Research has revealed that, following lesions of the pulvinar, exogenous signals lose their propensity to capture attention (Michael, Boucart, et al., 2001; Michael & Buron, 2005; Rafal & Posner, 1987) . In two recent studies (Michael, Boucart, et al., 2001; Michael & Buron, 2005) , paradigms were used that were close to the one used in Experiment 2: Subjects were presented with 100% valid cues and were asked to ignore sudden 100% task-irrelevant events. The interval between the precue and the target was not long enough to allow efficient inhibition, so irrelevant items captured attention. It was found that patients with lesions of the pulvinar made correct use of the 100% valid cues, as revealed through the absence of differences between the ipsilesional and the contralesional performances. However, contrary to control subjects, patients showed no signs of attentional capture by distractors made of changes in luminance (Michael, Boucart, et al., 2001) , motion, or color (Michael & Buron, 2005) . In light of the MAM model, the correct use of valid precues to orient attention suggests that this deficit cannot be attributed to a defective orienting process, to a weak relevance map, or even to an incorrect mapping of activities in the MAM. In agreement with other models (Robinson & Petersen, 1992) , we propose that this may be due to weak activities that arise in the salience map.
Conclusions
Until now, evidence on the role of the vPM in visual spatial orienting and search processes has been rather puzzling. The present study, based on the performance of a single patient suffering from a circumscribed tumoral lesion of the right FO, offers important insights on the attentional functions of the vPM. It seems that the integrity of the FO is necessary for the control of interference from distractors, but a lesion of this area alone does not alter the deployment of attention through space, neither in the visual search processes per se, nor in the active maintenance of task priorities. In concert with previous studies, we propose that the caudal part of area 6 participates in holding task priorities and in the control of interference through higher cognitive processing (de Fockert et al., 2001 Lavie et al., 2004) , whereas the FO acts to directly reduce the propensity of task-irrelevant items to compete for selection through inhibitory processing, which we call resistance to interference (Aron et al., 2003 (Aron et al., , 2004 Michael, Kleitz, et al., 2001 ).
